The objective of the work reported here was to determine the relationship between herbicide rate and the biodiversity of weed communities in potato cultivated in continuous cropping. A seven-year field experiment was conducted to examine the effect 
Introduction
The issue of agroecosystem biodiversity has been raised more and more often in agricultural research articles (Jastrzębska et al. 2007) . Biological diversity refers to species abundance. Species abundance means species number and relative share per given area or typologic unit of a higher order (Wilson 1988) . Field phytocenosis, consisting of the crop plant and companion weeds, is the most important component of agrobiocenosis (Jastrzębska et al. 2007) . A harmful impact of weeds is an interaction of their number and reciprocal quantitative relations; this particularly refers to the dominating species. A weed community composed of several species can be and often is more harmful than a more diversified community (Anyszka and Kohut 2011) . In recent years, ecological indices of species diversity and domination have been used in studies on weed infestation of cropped fields (Shannon 1948; Simpson 1949; Stupnicka-Rodzynkiewicz et al. 2004; Skrzyczyńska and Ługowska 2008; Rzymowska et al. 2013; Ługowska and Rzymowska 2014) .
Many authors (Adamiak and Adamiak 2004; Kwiatkowski 2009 ) have suggested that cultivation of crop plants in a monoculture increases weed infestation and compensation of a few of the most expansive species, which suggests that the biodiversity of the segetal community declines. An application of herbicides is believed to be a factor causing floristic impoverishment of agrophytocenoses (Rychcik 2006) . The objective of the work was to test these hypotheses by determining the biodiversity of segetal weed communities establishing in continuous potato with weed control based on an application of different metribuzin rates.
Materials and Methods
A field experiment was carried out on a private agricultural holding, in Wólka Leśna near Siedlce, from 2003 to 2009. It was set up on grey brown podzolic soil and arranged in a randomised block design with four replicates. The area of each plot was 2 · 8 m. Table potato cv. Cykada was cultivated in continuous cropping at the between-row spacing of 62.5 × 25 cm. Fertilisation rates of 80 kg N, 70 kg P 2 O 5 , and 90 kg K 2 O per ha were applied pre-planting. Potato blight and Colorado potato beetle were chemically controlled. We examined the effect of the metribuzin rates on the biodiversity of weed communities which had been establishing each year that there was continuous potato cultivation. Weeds were mechanically controlled from potato planting to germination. Metribuzin (Sencor 70 WG) was applied prior to germination at the following rates: 1) the control treatment -no herbicide, 2) 0.5 kg · ha -1 , 3) 1.0 kg · ha -1 , 4) 1.5 kg · ha -1 , 5) 2.25 kg · ha -1 .
Weed infestation was examined at the stage of optimum development of weed communities in August (po-tato development stage BBCH 80-89). All the weeds within the area of 0.5 m 2 were counted in four places of a plot. The results were averaged and expressed on a per 1 m 2 basis. Moreover, the total numbers of species on all the plots and in each study year were calculated. The average number of weedy species per one plot was calculated for each herbicide rate and study year. Assessment of biodiversity was performed based on the species composition of weed communities and weed density of individual species, using the following indices: 1) Shannon-Wiener index of species diversity -H' (Shannon 1948) :
2) Simpson's index of species diversity -C (Simpson 1949) :
where: p i -the share of i-th species in the sample.
The above-mentioned indices are widely used in studies of biocenosis diversity. Species nomenclature follows Mirek et al. (2002) . They were analysed by means of twofactor variance analysis with metribuzin rates and years as main effects. Comparison of means was obtained using Tukey's test at the probability level of p ≤ 0.05 (Trętowski and Wójcik 1992) . All the calculations were performed with the use of Statistica 9.0.
Results
A total of 33 weedy species were found in all the experimental plots during the seven study years. Weed flora communities in potato establishing themselves at various herbicide rates were found to be from 16 to 24 taxons, and their average species numbers ranged from 3.3 to 5.6. The most abundant phytocenoses were observed in the untreated plots. When chemical control was applied, the total species richness was lower. The average species richness was significantly the lowest at the metribuzin rate of 1.5 kg · ha -1 . The total weed density ranged from 28.1 plants · m -2 at the highest rate, to 87.4 plants · m -2 which was recorded in untreated plots (Table 1) .
The length of the continuous potato cultivation period in the control plots (no herbicide) had little effect on the number of species in an agrocenosis. The average number of species was the lowest in the second and fourth study year and the highest in the fifth study year. The total number of species was the lowest in the first, fourth, and seventh study year and the highest in the fifth study year. The total number of weeds clearly increased in the third study year and the seventh study year (Table 2) .
Echinochloa crus-galli was the dominant species over the seven-year study period but the species' abundance varied from year to year. An average number of E. crus--galli plants significantly increased in the third and seventh study year. Metribuzin application at increased rates (1.5 and 2.25 kg · ha -1 ) significantly reduced the analysed characteristic, when compared with the control (Table 3) .
The indices of biodiversity indicate that species composition of weed communities were only slightly affected by the metribuzin rates. The greatest biodiversity of the agrophytocenosis was observed in plots treated with the highest metribuzin rate, and in untreated plots. The lowest biodiversity and the highest index of domination were recorded in the plots treated with the 0.5 kg · ha -1 rate. However, the relationships were not statistically significant (Table 4) .
Biodiversity of agrophytocenoses was the lowest in the first study year. The longer the continuous cropping lasted, the greater biodiversity was observed, the maximum value being recorded in the fourth year and the fifth year of continuous cropping. In the sixth and seventh study year, the values of all indices decreased but the values were still higher than in the rotation-based cultivation in the first study year (Table 5 ). The relationships were not statistically significant, however.
Discussion
A total of 33 weedy species were found in the experimental plots during the study period. Nikolić et al. (2013) observed a similar number of weedy species (31) in potato which had been grown conventionally. The results reported in this paper indicated that the weed flora communities accompanying potato were significantly impoverished. The segetal community in the untreated plots included 24 species, on average. As metribuzin rate was increased, the floristic abundance declined to a level of 16 species (Table 1) . Other authors have reported inconsistent findings. According to Rychcik (2006) , the application of herbicides in maize cultivated in continuous cropping resulted in a decrease in the number of weed species from 26 to 20. Jędruszczak and Antoszek (2004) as well as Adamiak et al. (2011) found that the diversity of weed communities decreased in herbicide-treated winter wheat. By contrast, Stupnicka-Rodzynkiewicz et al. (2004) have claimed that herbicides applied in winter wheat and spring barley limited weed numbers but not their diversity. Jastrzębska et al. (2007) have reported that there was no effect of weed control methods on the biodiversity of weed communities in faba bean.
Many authors indicated that application of herbicides reduces the weed density (Stupnicka-Rodzynkiewicz et al. 2004; Rychcik 2006; Pawlonka and Ługowska 2010) , which was also confirmed in the study reported here. The weed density consistently decreased as the metribuzin rate was increased (Table 2) .
Cultivation in continuous cropping influenced both the total species richness and the total weed density in the community. Continuous cultivation of crops, besides an unfavourable impact on the crop plant, had a beneficial influence on the weed flora diversity. Unfortunatelly, it also increased the weed density (Table 2) The largest total number of weeds was observed in the control plots in 2005, and the greatest species richness per community in 2007. Sielianinow's coefficient values were calculated to find out if there was an effect of weather conditions (Table 6 ). The coeeficient is computed as a ratio of the precipitation sum over a given period and the 0.1 temperature sum for this period (Hutorowicz et al. 2008) . The years 2005 and 2007 had favourable weather conditions in May when plants received an optimum amount of rainfall. Moreover, the weather in June and July was also good.
The indices of biodiversity partially confirmed the trends discussed above. The biodiversity of agrophytocenosis declined after an application of the herbicide with an exception of the plots where the highest metribuzin rate had been applied (Table 4) . Indices of biodiversity calculated for successive years of continuous potato cultivation may indicate that short--term continuous cropping not only does not disturb the agrophytocenosis but also increases its biodiversity and reduces species domination (Table 5) . However, other
